Background/Aims: Endoplasmic reticulum stress (ERS) plays an important role in the progression of acute myocardial infarction (AMI), in part by mediating apoptosis. Polyamines, including putrescine, spermidine, and spermine, are polycations with anti-oxidative, antiaging, and cell growth-promoting activities. This study aimed to determine the mechanisms by which spermine protects against ERS-induced apoptosis in rats following AMI. Methods and Results: AMI was established by ligation of the left anterior descending coronary artery (LAD) in rats, and exogenous spermine was administered by intraperitoneal injection (2.5 mg/ml daily for 7 days pre-AMI). Spermine treatment limited infarct size, attenuated cardiac troponin I and creatinine kinase-MB release, improved cardiac function, and decreased ERS and apoptosis related protein expression. Isolated cardiomyocytes subjected to hypoxia addition of spermine attenuated cardiomyocyte apoptosis, suppressed the production of ROS, and inhibited ERS related pathways. Conclusions: Spermine was an effective pre-treatment strategy to attenuate cardiac ERS injury in rats, and the cardioprotective mechanism occurring
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Introduction
Acute myocardial infarction (AMI) is associated with a high mortality rate, in part due to frequent complications, including arrhythmias, shock, and heart failure. Cardiomyocyte apoptosis is a major mechanism of cardiac cell death that also contributes to MI-induced ventricular remodeling and heart failure [1, 2] . Endoplasmic reticulum stress (ERS) and the mitochondrial and death receptor pathway are two pathways that induce apoptosis and both can be triggered by a variety of factors, including ischemia [3, 4] . Increasing evidence indicates that inhibition of excessive ERS could be a critical intervention target in the protection of cardiomyocytes from injury [5] [6] [7] .
Polyamines, such as putrescine, spermidine and spermine, play many roles in a wide variety of organisms and can also regulate cell-death processes in vitro [8] [9] [10] . In addition, the natural concentrations of polyamines responsible for polyamine metabolism are critical to cell survival, and have an effect on various aspects of cardiac disease [11, 12] . Out of the polyamines mentioned spermine has the highest biological activity [13] . Spermine carries four positive charges, which can function as scavengers of oxygen free radicals and protect nucleic acids and other cellular components from oxidative damage [14, 15] . However, the full cardioprotective mechanism by which spermine acts in AMI has yet to be elucidated.
Materials and Methods

Animal use and experimental design
hospital of Harbin medical university. All experiments were approved by the Animal care committee of the Harbin medical university for the Use of experimental animals. Rats were housed in a controlled libitum, and were randomized into four groups (n = 8 each): (1) Control group (Control): rats not exposed to any surgical procedure; (2) Sham operated group (Sham): rats who underwent the surgical procedure used to ligate the left anterior descending (LAD) coronary artery, except the silk suture was placed around the left coronary artery without being tied; (3) Acute myocardial infarction group (AMI): rats underwent LAD ligation for 6 h; (4) Spermine treated group (Sp): rats were pre-treated with spermine (Sigma Chemical, St.
LAD ligation. Spermine dissolved in dd-H 2 AMI was induced as previously described [16] . Rats were anaesthetized by intraperitoneal injection respiratory rate were continuously monitored throughout the surgery. Following endotracheal intubation and mechanical ventilation, left thoracotomy was performed to expose the heart. MI was induced by permanent ligation of the LAD coronary artery at the location between the pulmonary cone and the left 5 units) and subcutaneous buprenorphine (Suboxone ® At 6 h post-AMI, cardiac function was measured by ultrasound (FUJIFILM VisualSonics, Inc., Canada), 2 samples. One sample was used for histology and the remaining samples were snap frozen at -80°C for biochemical assessment.
Myocardial polyamine content detection by RP-HPLC
Spermine, spermidine and putrescine were obtained from Sigma (St. Louis, MO, USA). Myocardial polyamine content was determined by Reversed-phase high performance liquid chromatography (RP-HPLC) using ODS-C18 columns, as previously described [17] . Putrescine, spermidine and spermine were used as positive controls, and benzoyl chloride used as a derivative reagent, to compare the content of polyamines among the different groups. Derivatization was conducted at 50°C for 8 h, mobile phase as methanolseparated in HPLC. Content was determined by the size of the peak area.
Cardiac Toponin I (cTnI) and Creatinine Kinase-MB (CK-MB) assays
We measured myocardial enzyme levels in serum, which accompanied the electrocardiogram changes 
Morphological analysis of apoptotic nuclei
Japan) at an excitation wavelength of 330-380 nm. Apoptotic nuclei of cells were assessed by counting the number of cells that displayed nuclear morphological changes such as chromatin condensation and fragmentation.
(p < 0.05).
in the AMI group (p < 0.05 vs. both control and sham groups; Fig. 3C ). Spermine treatment reduced the AMI effect (p < 0.05).
Exogenous spermine decreased the expression of ERS-related protein
immunoblotting. In vivo and this increase was attenuated by treatment with spermine (all p<0.05; Fig. 4 ). In vitro, a control group value of 9.7 ± 0.8% (Fig. 5C ), the percentage of apoptotic nuclei with typical percentages to (33.6 ± 1.7% and 32.9 ± 1.1%, both p < 0.05).
Exogenous spermine protected H/I-induced cell viability decreasing and apoptosis
the two groups.
The effect of NAC on ROS production and the expression of ER-related proteins
As shown in Fig. 7A , the quantity of ROS determined by DCFH-DA in cardiomyocytes Protein expression Caspase-12 and -tected by imintensity of each band was quan--metry, and data were normalized signal. All data were from four independent experiments and are reported as mean ± SE; * p < 0.05 vs. Control or Sham group; # p < 0.05 vs. AMI group. among the different stimulations (Fig. 8) .
pathways were involved in Sp-inhibited ERs and
Discussion
in vivo ischemia and in vitro apoptosis in isolated cardiomyocytes. Furthermore, pre-treatment with spermine reduced indicate that pre-treatment of rats with spermine protects polyamine metabolism thereby protecting myocytes and maintaining cardiac function in the setting of AMI.
cardiac dysfunction indicated by reduced Ejection fraction (EF), Fractional shortening (FS), increased Left ventricular end-diastolic volume (LVEDV) and Left ventricular endsystolic volume (LVESV), similar to previous studies [22] . HE staining showed myocyte indicative of cardiomyocyte apoptosis.
Polyamines, especially spermine, have a variety of biological functions, including antioxidative properties, free radical scavenging, inhibition of mitochondrial swelling and calcium. Polyamines can exert anti-apoptotic effects by maintaining the integrity of cell and in increased concentrations of putrescine and decreased spermidine and spermine concentrations [23, 24] . In our current study, we detected polyamine metabolic changes in In order to investigate the potential mechanism of cardioprotective effects of spermine, we further examined the generation of ROS and ERS-related pathways at the cellular level. Under physiological conditions ROS are generated at low levels and play important roles in signaling and metabolic pathways [36] . Hypoxia and other stimuli, however, can result in the overproduction of ROS and lead to oxidative stress [37] . Previous studies have suggested that apoptosis.
In conclusion, we found that LAD ligation disrupted polyamine metabolism in rat cardiomyocytes, such that putrescine increased while both spermidine and spermine by which administration of exogenous spermine to effectively prevent apoptosis have been described in detail. We further explored the cardioprotective mechanisms of spermine at the cellular level and demonstrated that spermine inhibited ERS-induced cardiomyocyte cardiac procedures.
